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© Process for imaging multi-layer resist structure. 



© An image is provided by depositing a first layer 
of a photoresist containing a phenolic-formaldehyde 
novolak type polymer and an imidazole, ben- 
2imidazole, triazole, or indazoles to increase the 
solubility of the layer in aqueous alkaline developer 
after exposure to imaging radiation: depositing on 
the first layer a second layer of a photoresist con- 
taining a phenolic-formaldehyde novolak type poly- 
mer; the second layer having a lower degree of 
solubility in aqueous alkaline developer after expo- 
sure to imaging radiation; exposing the layers to 
imaging radiation; and developing the layers. 
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The phenolic component of the phenolic 
novolak polymer includes phenol and substituted 
phenols such as cresoi. A particular example of 
such is Shipley AZ-1350 which is an cresol-formal- 
dehyde novolak polymer composition. Such a posi- 5 
tive resist composition includes therein a dia- 
2oketone such as 2-diazo-1-napthol-sulphonic es- 
ter. 

The composition usually contains on the order 
of about 15% by weight or so of the diazoketone w 
compound. Examples of some other commercially 
available photosensitive materials suitable for pro- 
viding the first layer of material employed in accor- 
dance with the present invention are AZ-1370 and 
A2-1470 from Shipley; A2-4110 and AZ-4210 from is 
AZ Photoresistive Division of American Hoechst; 
HPR 204 from Phillip A. Hunt; Kodak 820 from 
Kodak, and OFPR 800 from Tokyo Ohka. 

The first layer according to the present inven- 
tion must also contain an imidazole, triazole, in- 20 
dazoles, tetrazoles, or mixtures thereof. The pre- 
ferred compounds are the imidazoles with the most 
preferred being benzimidazole. 

Examples of some additional compounds of the 
above types are imidazole. 1-methyl-imidazole, 1- 25 
propyl-imidazole, 2,4-di-methyl-imidazole, 4- 
methyl-imidazoie, 2-isopropyl-imidazole. 2-phenyl- 
imidazole, 1-benzy {imidazole, 0-imidazolopropionic 
acid, 1 ,2-dimethyiimidazole, 1 -methyl-2- 
hydroxymethyl-imidazole, 4-sulfo-imidazole, 2- 30 
methyl-4-suifo-imidazole, 2-(sulfophenyl)-imidazole t 
2-isopropyl-4-sulfo-imidazole, 1 -n-propyl-5-suffo-im- 
idazoie, 1-n-propyl-4-sulfo-imidazole, l,2-bis-(l'-im- 
idazoiyl)-ethane, 1-(p-sulfophenyl)-iiTHdazole, histi- 
dine, 2-(imidazolo-ethyl)-pyridine, 1-(2'-aminoethyl)- 35 
imidazole-hydrochloride, 1 -(3-aminopropyl)- 

imidazofe-hydrochloride,- 1 -methyI-2-carboxy- 

methyl-imidazole. 2-(p-sulfophenyl)-4-suJfo-im- 
idazole, 1 -methyl-2-sulfo-imidazole, 2-sul- 
foimidazole. 1 ,2-bis-(1 '-methyl-5-imidazolyl)- 40 

ethane, 5-sulfobenzimidazole. 5,7-disulfoben- 
zimidazole, tetraxole. indaxole. triazol-0 .2.4), 4- 
ethyl-triazole-(1 ,2,4).4-methyl-triazole-(i .2.4), 4- 
phenyl-triazole-(1,2,4). 3,4.5-trimethyl-triazole- 
(1,2.4), 4-(p-sulfophenyl)-triazoie-(1,2,4), 3-methyl- 45 
triazole-(1.2,4), 3-ethyl-triazole-(1 ,2,4). 3.5-dimethyl- 
triazole-(1 ,2,4), 3-phenyl-triazole-(1 ,2,4), 1 -methyl- 
triazole-( 1,2,4), 1-ethyl-triazoie-(1 .2,4), 1-phenyl- 
triazole-(1,2,4), 3-sulfo-triazole-(1 .2.4), 3-amino- 
triazole-(1,2,4), 3,5-diamino-triazole-(1 ,2.4). 1.2-bis- 50 
(5-sulfo-3-triazolyl)-ethane, 1 .2-bis-(5'-amino-3 - 
triazolyi)-ethane. 1 ,2-bis-(3-triazolyl)-ethane. 1 .2- 
bis-(4'-methyl-3-triazolyl)-ethane, bis-(3-triazolyl)- 
methane. bis-(5-sulfo-3-triazolyl)-methane, bis-(5- 
amino-3-triazolyl)-methane.bis-(3-triazolyl)-methane, 55 
bis-{5-sulfo-3-triazolyl), bis-(5-amine-3-triazolyl), 
3,3-bis-triazolyl, 1,2-bis-(1 -triazolyl)-ethane, 3-<2- 
aminoethyl)-triazole-(1 ,2,4), £-<1 -triazolyD-propionic 
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acid, 1 ,4-bis-(5'-sulfo-3'-triazoiyl)-butane, 1 ,4-bis- 
(5-amino-3 -triazolyl)-butane. 1-{3-sulfopropyi)- 
triazole-(1 ,2,4), 1 ,2-bis-<4'-triazo!yl)-ethane, 1 - 
methy l-triazole-(1 ,2,3). 1 -ethyl-triazole-(1 .2,3), 2- 
ethyl-triazole-(1 ,2.3), 2-propyi-triazo!e-(1 ,2,3), 1 -(2- 
carboxyethyl)-triazole-(1 ,2,3), 5-sulfo-benzotriazole. 
5,7-disulfo-benzotriazole, benzotriazole, 4-methyl- 
triazole-(1 ,2,3), 4,5-dimethyl-triazole-(1 .2,3), 4-butyI- 
triazole-(1 ,2,3), 4-phenyl-triazoM1 .2,3), 1 -(3'- 
aminopropyl)-triazole-(1 ,2,3), 1 -(2 -aminoethyl)-tria 
zoie-(1 ,2,3), and 1 ,2-bis-<5'-triazole)-ethane. 

These materials are employed in an amount 
sufficient to increase the solubility of the layer in 
aqueous alkaline developer after exposure to imag- 
ing radiation. These materials are usually present 
in amounts of about 0.5 % to about 5 % and 
preferably about 1 % to about 1.5 % by weight of 
the photoresist. 

The first layer is usually about 300 to about 
700 nm and preferably about 400 to about 500 nm. 

The first layer is commonly referred to as the 
planarizing layer and generally is thicker than the 
second layer atop it. 

Deposited on said first layer is a second and 
different positive photoresist layer which differs 
from the first layer. This second layer contains a 
phenolic-formaldehyde type polymer and a diazo- 
sensitizer of the type discussed above for the first 
layer. The second layer must have a lower degree 
of solubility than the first layer in aqueous alkaline. 
The second layer is usually thinner than the first 
layer and usually about 300 to about 500 nm and 
preferably about 300 to about 400 nm. 

The structure is exposed to imaging radiation 
and developed. The resist image is typically pro- 
duced by imaging radiation having a wavelength of 
about 365 to about 436 nanometers. The exposure 
is usually from about 60 to about 100 
millijoules/cm 2 and preferably from about 80 to 
about 90 millijoules/cm 2 . 

The exposure to the radiation can be achieved 
by employing an ultraviolet lamp source. 

In addition, if desired, electron beam radiation 
can be employed as the radiation source. In such a 
case, the dose of the electron beam imaging radi- 
ation is usually at least about 10 microcoulomb cm : 
and preferably about 15 microcoulomb»cm 2 . 

The exposed portions are removed with an 
aqueous alkaline solution such as a potassium hy- 
droxide, or sodium hydroxide aqueous solution con- 
taining about 0.2N % to about 0.28N % of the 
hydroxide, preferably potassium hydroxide. 

The following examples are presented to fur- 
ther illustrate the present invention. 
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Onto a planar silicon substrate is deposited a 
first layer of about 500 nm of a novolak resist 
containing about 17-20 % diazonaphthoquinone 
and about 1.5 % benzimidazole and a second and 
top layer of about 300 nm of the same novolak s 
resist containing about 17-20 % diazophthoquinone 
as in the bottom layer, but containing about 0.75 % 
tetrazole. The structure is exposed to electrons at 
25 microcoulombs/cm 2 at 25 KeV. The exposed 
films are developed in 0.25 N KOH developer and to 
0.5 um features are resolved with a controlled 
undercut profile for subsequent lift-off. 



Example 2 

Example 1 is repeated, except the substrate 
employed is a silicon substrate with 0.4 um silicon 
dioxide steps. The submicron features are delin- 
eated with no evidence of linewidth distortion. 

Claims 



30 



35 



40 



1. Process for providing an image which com- 
prises: 

depositing on a substrate a first layer of a positive 
Photoresist comprising a phenolic-formaldehyde 
novolak type polymer with a diazo-sensitizer and a 
modifier in an amount sufficient to increase the 
solubility of the layer in aqueous alkaline developer 
after exposure to imaging radiation; 
depositing on said first layer a second and different 
layer of a positive photoresist comprising a 
phenolic-formaldehyde novolak type polymer with a 
diazo-sensitizer wherein said second layer has a 
lower degree of solubility than said first layer in 
aqueous alkaline developer after exposure to imao- 
ing radiation: w 
exposing said first layer and said second layer to 
imaging radiation in a predetermined pattern- and 
developing said first layer and said second layer. 

2. Process according to claim 1, wherein said 
mod.f.er IS a compound selected from the group of 45 
imidazoles, benzimidazoles. triazoles, and in- 
dazoles. and mixtures thereof. 

3. Process according to claim 2. wherein said 
compound is an imidazole where said imidazole is 
preferably employed in amounts of about 0.5 % to so 
about 5 % by weight based upon the phenolic- 
formaldehyde novolak type polymer. 

4. Process according to claim 2. wherein said 
compound is benzimidazole. 

5. Process according to any one of claims 1 to 5S 
4. wherein said first layer is thicker than said sec- 
ond layer. 
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6 Process according to any one of claims 1 to 
5 wherein said sensitizer is a diazo-naph- 
thoquinone. 

7. Process according to any one of claims 1 to 

6. wherein said first layer is about 400 to about 700 
nm. and said second layer is about 300 to about 
500 nm. 

8. Process according to any one of claims 1 to 

7. wherein said first layer and said second layer 
are developed with an aqueous alkaline solution 
with said alkaline solution being preferably a potas- 
sium hydroxide or sodium hydroxide aqueous solu- 
tion where said solution contains most preferred 
about 0.2N to about 0.28N of the hydroxide. 

9. Process according to any one of claims 1 to 

8. wherein said imaging radiation has a wavelength 
of about 365 to about 436 nm with the exposure 
being preferably from about 60 to about 100 
millijoules/cm 2 and most preferred from about 80 to 
about 90 millijoules/cm 2 . 

10. Process according to any one of claims 1 
to 8. wherein electron beam radiation is employed 
for said imaging radiation with the dose being 
preferably at least about 10 microcoulombs/cm 2 
and most preferred about 15 microcoulomb&cm 2 . 
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© Process for imaging multi-layer resist structure. 

© An image is provided by depositing a first layer 
of a photoresist containing a phenolic-formaldehyde 
novolak type polymer and an imidazole, ben- 
zimidazole, triazole, or indazoles to increase the 
solubility of the layer in aqueous alkaline developer 
after exposure to imaging radiation; depositing on ( 
the first layer a second layer of a photoresist con- 
taining a phenolic-formaldehyde novolak type poly- 
mer; the second layer having a lower degree of 
solubility in aqueous alkaline developer after expo- 
sure to imaging radiation; exposing the layers to 
imaging radiation; and developing the layers. 
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